and Nutrition (IMN), Plymouth, MN Understanding and controlling the food microstructure to achieve desired texture and nutrition leads in recent trends in food research. Many microscopic tools are being employed by industrial and academic researchers to reveal the morphology and chemical distribution of the food and ingredient systems. Confocal Raman microscopy is a chemical imaging tool that was recently introduced to the food area, and has gained significant interest among food scientists.
Raman spectroscopy provides the chemical fingerprint of a molecule irradiated by a laser. Combining high resolution confocal optical microscopy and Raman spectroscopy, a 3-D chemical map can be obtained from a material under various environmental conditions, reaching a spatial resolution of 200-300 nm laterally and ~500 nm vertically. Raman microscopy has been applied to various food systems including emulsions, fat, fiber systems, hydrocolloids, protein-based beverages, etc.
[1].
Here we present a study to understand ice crystal formation in a model food system in freezing conditions. Freezing is a common storage method for food [2, 3] . Formation of ice crystals leads to a drastic increase of local ingredient concentrations, resulting in irreversible change of physical and possibly chemical structures of the ingredients. A model cellular system was selected to mimic foods from an animal source. Cell suspensions were frozen to -26C through a Peltier stage under the Raman microscope. Ice seeding of the cell suspension was performed at -3 and -10C during the cooling to achieve different supercooling conditions. Raman chemical images for each process were generated for ice, organic cellular contents, and cryoprotective agent (i.e., DMSO or sugar) by integrating the characteristic Raman peaks from a collective of Raman spectra obtained by raster-scanning across a single cell.
When cells were frozen in 1xPBS with low supercooling, large ice crystals were observed only in the periphery of the cell, but inside the cell membrane. The center of the cell was concentrated with organic cellular material at a relatively uniform distribution, causing the darkening observed in transmitted light microscopy. At higher supercooling, the cell appeared transparent (not dark) under the light microscope, however, large ice crystals (multiple separate regions) were detected intracellulary. When the cell was frozen in 10% DMSO solution, large intracellular ice crystals were also formed while the organic cellular material were concentrated between the ice crystals. Note that the crystal size distribution in the 10% DMSO solution was much narrower than that observed in the high supercooling 1xPBS case. We showed that CRM allows for direct chemical identification of the different thermodynamic phases that form extra/intra-cellularly during different cryopreservation methods, therefore enabling identification of the precise molecular mechanisms of damage in cells. 
